Purpose: Artifacts in treatment-room cone-beam reconstructions have been noted at our center when cone-beam acquisition is simultaneous with radio-frequency transponder tracking using the Calypso 4D system (Calypso Medical, Seattle, WA, 10 USA). These artifacts manifest as CT-number modulations and increased CT-noise.
I. INTRODUCTION
Image-guidance and target tracking are important concepts in modern radiotherapy. Treatment-room cone-beam Computed Tomography (CT) is established as a valuable tool for image-guidance. 1 Target tracking using commercial radio-30 frequency (RF) transponder tracking systems is now also possible. 2 At our radiotherapy center a substantial number of prostate-cancer patients are treated with image-guidance using linac-mounted cone-beam CT (CBCT) and simultaneous transponder tracking using the Calypso 4D system (Calypso Medical, Seattle, WA, USA). It was observed that, for these patients, reconstruction artifacts are apparent in therefore appear to be a cross-vendor problem. In this Note the artifact is characterized and its almost complete suppression with image-processing is demonstrated. We are aware of only one previous mention of an attempt to correct this technical issue in the research literature 4 and no published journal articles. 
II. BACKGROUND

III. MATERIALS AND METHODS
A post-processing approach to artifact suppression was adopted i.e. image-
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processing was conducted on the reconstructed image. This directly treats the symptoms of the problem: the unsatisfactory quality of reconstructions. It also largely negates the need to understand the internal workings of the semi-closed system that is a manufacturer's CBCT solution. The processing steps are straight-forward and we are explicit in our description, to allow reproduction by other researchers.
Patient projections were acquired and reconstructed in the clinic according to the standard medium-resolution protocol used at our center. The flat-panel detector was offset to the medium position with the M10 collimator and bowtie filter inserted.
The CBCT volumes were reconstructed on a 410x410x120 matrix (1x1x1 mm 3 voxels). As well as using clinically acquired patient images for this study, an An original reconstructed image will be denoted, ( )
, where 
A modified image was then created according to the following rule:
The purpose of Stage I was to reduce large transitions in CT-number e.g. at the air-toskin transition. Sharp "jumps" in CT-number manifest in the high-spatial-frequency ω and α are adjustable parameters, and, where, due to symmetry, φ may be defined with respect to any axis. In discrete form, the correction-formula for Stage II, is:
where FT indicates the Fourier transform and appropriate zero-padding is assumed.
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Note that voxels that were designated as being non-soft-tissue are thus replaced with their original values. Then, the final post-processed scan, ( )
, is given by
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IV. RESULTS AND DISCUSSION
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Post-processing parameters that were found to be satisfactory by heuristic optimization were:
( ) Fig. 4(a)-(d) , in which another coronal slice for the 155 same patient is illustrated. Fig. 4(a) shows the uncorrected image. Fig. 4(b) shows the image without the Stage II correction applied. The vertical streaks are largely removed but diagonal modulations remains. Fig. 4(c) shows the image without the Stage III correction applied. The diagonal modulations are largely removed but vertical streaks remain. The full correction, shown in Fig. 4(d) , suppresses both these 160 artifacts.
Close inspection of the axial slices before and after post-processing (see e.g. Fig. 3(a) and Fig.3(d) ) reveals improved low-contrast visibility, combined with a degree of loss in sharpness, as expected. For the Catphan phantom acquisition, the same numbers of line-pairs were discernible in the spatial-resolution module before and after processing: three line pairs, or 3 lp/cm. We note the phantom can only provide a coarse measurement at this resolution. However, we can conclude that despite the frequency-domain filtering in Stage II, the high-contrast spatial resolution does not strongly deteriorate.
One benefit of the post-processing approach adopted here is that it allows the 170 correction of scans that have already been acquired and reconstructed. Naturally, modifications of the equipment or protocols such that the artifacts do not arise in the first place would be preferable. Until that is possible an effective practical solution to the problem has been demonstrated. 
V. CONCLUSION
Post-processing techniques can almost entirely remove Calypso trackingrelated artifacts in CBCT reconstructions. The computational overhead of such an 185 approach is minimal: a few seconds with a desktop PC.
